09/11/2009 



Searching PAJ 



PATENT ABSTRACTS OF JAPAN 

(1 l)Publication number : 10-117016 
(43)Date of publication of application : 06.05.1998 



(51)Int.CL H01L 33/00 

H01S 3/18 



(2 1 Application number : 08-270375 (7 1 )Applicant : NICfflA CHEM IND LTD 

(22)Date of filing : 14.10.1996 (72)Inventor : NAKAMURA SHUJI 

IWASA SfflGETO 



(54) MANUFACTURING METHOD OF NITRIDE SEMICONDUCTOR DEVICE 

(57)Abstract: C(0 




\>rt ii:ir;:ri:-i:-::-i 



PROBLEM TO BE SOLVED: To realize a nitride semiconductor 
device, using a nitride semiconductor as its substrate by making an 
n-type nitride semiconductor layer with a specific film thickness to 
grow on a substrate, and by making nitride semiconductor layers 
containing acceptor impurities grow on the foregoing nitride 
semiconductor layer, and further, by removing thereafter the 
substrate therefrom 

SOLUTION: A buffer layer 1 1 is made to grow in contact with a 
substrate 10 made of spinel (MgA1204). Then, an n-type nitride 
compound semiconductor layer 1 with a film thickness not smaller 
than 20|im is made to grow in contact with the buffer layer 1 1 . 
Further, an active layer 2 is made to grow in contact with the 
semiconductor layer 1. Subsequently, nitride semiconductor layers 3, 
4 containing acceptor impurities are made to grow on the active 
layer 2. Then, a resultant wafer is taken out from a reaction 
container, to remove the substrate 10 therefrom In this case, the 
buffer layer 1 1 is also removed naturally therefrom Further, an n- 
electrode 20 is provided on the surface of the semiconductor layer 1 corresponding to the bottom surface of the 
wafer, and an electrode comprising a translucent p-type electrode 21 and a pad electrode 22 is formed on the 
uppermost semiconductor layer 4. 
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[0 0 38] i^tJI^XtTMG. TMI, 7^- 
TSrfflV\ ?SffiSr80 0°CtffiSftT, /Vb*-TIn 
0.2Ga0.8N±U5r6#-*F#FiBI9i (SQW) 

5r*iStMi 2^3 0 jj-y ^"x b p-A<7)KJ¥T"J5ic*S€ 
§0 vSttl 2 S: I nGaNiD^^ttPlSr-S-O^-* 
^ #F«]t^ L < ii^fiS^ #F«}t t •t 1. 1 . fi^¥ 
^^^3 6 5 n m~6 6 0 nm^T'C0ffitiJtj^l& 

ti. #PlJi7 Ojj-y^xbP-AWT. Wffilf4l 5 

0 ^-y ^"x h n-AiiiT»J¥$ izmmti z b tmt i 

\i\ -H. *-fi^#F«jtT"{±7 0^-y/xbn-A 

[0039] mz, 1 0 5 0°Ct±#S+t. Mg 

K-7pIA 10.2Ga0.8N j; ^^pi??'/ FJf3 
£0. 5//m<7)Hff-C-fi!yi£€!> 0 vS'l4St»LTJ«S 
?«pl«?7 7 KJSJ4A 1 ^ttlffl^lft, if 
4L<(4AlGaN*^S-grS;t36 s ll4LVn pi 
\Z^htz^nT9^y9~^mkb LTiiMg. Zn. 
C d^)II^7C*^ff Si fc tf-CS . iil^«T^-te 
T^-^a^^M»^»ftJS^+fc b-r-f-s i fc t 

T^-^aft5r V-T Ltzm&Z T-- 'J y / LT , T 
^ W-Wft fc L/t7j<* ^> i^-r S 

r fc tc & 0 § ^tff^ Lv^ P a^f#^ns. 

[0040] &fc. 1 0 5 0°Ct"Mg F~7plGaN 
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s-frs. j&iswBrffiHtfia i (c) -efts, piay 

^?M4i±pIIn s Al ! Ga 1 .j. ! N (OgX, 0^ 
Y„ X+YS 1 ) X~ffif&t ZZbtPTZ, fflZl nGa 
N, GaN, ^CO^ThMs^V-yLfzpMGaNb 

~t&b, Mh^^^rm&com^pmmiim^ta:. ie 

b LT(2N i, P d„ Ir, Rh, P t , Ag\ Auf 

[004 1] 50E»7flL ^x-'N&RiBgSa^JR'J 
Sit. Sf««&fflUTMtt¥«*^^?*T^^V^ 
fflOX t^l/SS 1 0J5 7 h°y^" LT ,01 ( d ) t 
^•tJ;3txb^-;^Sl oro"^77rll 1 £B£s£ 

y?? bmi*tf , Jisy?ixmwvik~fz> a 

[0 04 2] ^yt^'U^i-^^^;, 7--U 

y/sstfimu ryt-r^HM+t- . 1 o o or 
<73T-- i Jy^"S:fi : 5o i«r--yy^{±, 3oo°c 

JJLL 1 2 0 0°COTtW\ rvt-T, MJP^N 

[0043] r-- y r~~ y yrmnftiza 

7 0 O t CT'7-- , Jy^'&fi : V\ pSl££^WKffi£i 

-fwi> . zeor-- y ynta»4 o o rtitT-H 
t^mm^x-fidzbizz.*)^ 77*iT?-^mn 

[0044] 7--Vy?&. *'Jyy/Ltnl3y 
^^hSl^ffl^tJiJ^ffltT i fcA 1 £-§tfn€« 
2 0£2jum<^JKJ¥T1FMU -^3, p^y^F/f 
4^(JS'^BtN i tAu?r#ti'3i*ffi«pmS2 1 Ir 

i o o tvrx f ^-Aamwxmm-h . vw^y? 

vsmma o o o^y^'x bn-^r^tTS^tt 
tfs^t^a^ uy -^ixiimsr^-yy^t* 

Mzfflmt&fr^Tfoh, mzp%%2 0 comi^'b 

^ZWM 2jumWt 7 Ft* 2 2 £j#ffct & . 
[0045] Jil±«lS»7fJL Iftft^^x-A 
Jnlrjyj'? FUl WH^ttSrffl^THIBLT. 2 5 

nmst pmst £#u je*"i*i®s ( i 

f ) 2 OmAtfi^t, JI^ri^CE (Vf ) 3. 5 V, 
«3£ft7J 5 mW fc ffiftfclfftfc Lfc . 

[0046] mmm2 ] jsttwi iz&ux. m&izy- 
7r^r(oooi) B^ffl^sm^fiWi tiwiait 

LT„ ^7T47Wm>Jrt<ZG&Ni.*)t£:h^7rm 

£20 o^y^x f p-AwJUJ-e^-fs . 

[0 04 7] mzzcr>s<vy tMCOHZS i F-7nI 



GaNJI£5jumJ&K£-t!-& 5 8 0 O'CfcL 

S i F-7°nMGaNJf<7)±fc,. SiF-TnMI 
n0.1Ga0.9Njf£5 0 O^y^X Fn-AjfcS^ 
&. &£Ht< S i F-7nlGaN^5/iraMJ 
££>t::S i F-rnll n0.1Ga0.9N&5 0 0^" 

U3&JRW60. 6^m^nM=?y^?FJl£jj84t§-£ 

§ . i^tjuitM i t nmzix l e dsh^sl 

Jtfc JttfrlMSE (If) 20mA(^Ut, II 
Mtffi(Vf) 4V. 3imfl2mW-e*o}t„ 
[0048] [H»M3] (S?2«ffi«t) 

02 zmz Lx*mm2<?)immm-& . »wj 

lhlsltttLT. ( 1 1 1 ) ffl£jfcgfflfc-f £Xt°*/F 

»«i o ( m g a 1 2 o 4 ) co?'j--y?"£fi : vy 

*/FSiil OiCGaNj; D&S^'v 7 T® 1 1 £2 0 
0 4" y F n-A«IIt*I 5 it . ZW*»/7tN 

ITS i H-rnlGaNf^l 0 0 ,u m^KJf TJ&ft 
02(g) 

[ 0 0 4 9 ] ifcftfjL ^x^fcKJES^&JRajU 

mmmim^xmm^mmm^x^M^x 

m-ll-mUl Oiy-yVyy'LX. 02 (h) iz^ti. 
3(c^t**aRl OSW^yyrJll lSr^itnM 

K ( n-) (M^nSny^^ MfffiJSr^yyy^tTSS 

[00 50] JKUi^V/a, nMny^^Mfa^&S 
BSffitSB^L^ 7y^-7«ll«4't'\ 1 000 5 Cc?) 
7—— 'J y 0 . =5rfeiM« a- U 7ilS 
Me?) nla^^Mlli S^^ftw^^ffl 1 

[0051] jxt, njfeMi fclHittttT^y yy^'L 

3 o^y^xha-^mmx&^M:. ^oymmn 

±CMgp-7plA 10.2Ga0.8Nj;D^I>pa^7 
>/FJf3Sr0. 5jum<7)Ji]jT'j£JI£-fc!\ MgF-7p 
S9GaNj;95:SpM3yri ? ^Mi4&0. 5//m«Jl 
WOS^Hi-S. «^ft«l)TM0^02 ( i ) -C*>5. 

t tdmm 2 $ BJc^§ it h m t n m 3 y ^ ^ fjs 1 «n 

HtCGaN. InGaN. AlGaN±1^SA'.y7r 

[0052] RjE^Tft. RJESSffrttfc^T. 
i*^#HM4>. M^(fS«, ArfOfflgift, 7 0 

o°c?7--v >r&ft\,\ pwrnzzhMmmt^ 
[0053] r--y y^'S, ^x-a^rjsj^s*^ 

BUetRI E (RjEtt-Y^yx-y^y^') x-y^-y^"^ 
ffV\ 02 (h) t^-fio tnSr?y^^ MfOTffi 
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[0054] mzmm i fc Rat lt , mtmpm 

BfcT i t A 1 &-S-On®12 0&2//mt?)Ki¥T-^jS, 
L, pffirjy^^bJf4C0(J{^ffltN i fcAu 

&#&}i3£tt«p€«2 1 £ 1 0 0^> hn-AC9 

[0055] &±<7)xmiTm. mitm^mm^-^ 

«^t±TtM[6l-n>n«Sfcpmai:Sr#L. If 2 
OmAtfi^t, Vf 3. 5 V. fBftti^ 5mWfcff;fl 

[00 56] [HfftM4 ] 0 3 l±*HBB<0^t J: 9*§ 

s>*ut y- «;ff mz^i-Mtt^mmmTfo o , 
BB^ffit <t old srSit-r humr&^z, . 

[0 0 5 7] HffiM3fc&^T, X^^)V%M.l OtiX 
W^yyrM 1 J&RESr^ 'jyy^'Udl 

JS1 0 OjumiOS i K-7GaNif)^nl3y^7 

Mlfi-AS Cfjfcif Lfctft, 8 0 
0 5 CtLT, M^CTMG, TMI (hlM^/M' 

y^A) , ry^-r, ^mnflxizisyvtfxzm 

V\ S i b'-TI n0.1Ga0.9N i 9 & & ? 5 'y ? Kit 
Jf 1 0 1 Sr 5 0 0 ^y^X h o-A<7D)gJ¥rjfcg;S-t*- 
S. Zcr>77>y7ffi±Ml 0 111 I n*-frtrn^ffifl: 
ft***. *?4U<(±I nGaN-CJSSS-fr&itfcJ: 
0, A 1 J^&Sl«nII»i* 

110 2 SJI&TJ&gS-frS £ fc ^tEfc ft 0 , ftHSliZ 

£ L < tt 0 . 1 At mliUi^jiffT-^^ 

S. «*T1iGaN, A 1 GaN/l^J±tCttffi, J¥B|SO 

Al GaN£j&K£-ei>fc, A 1 Ga 

^?7-y?KitJf 1 0 1#\ &£jft^$-fr£A 1 £#tf 
IS 1 CO nMSttWfcJI 10 2^y -y 9ifiXh^ 

m±ti ; t & . ; 5 -/ ? ffiitmn 1 0 

O^-y^xhn-AtJLh, 0. 5 umarcommX'&M 
$-£&^bfMltU\ lOOt^bn-AiDt 
fc f» i -5 K ? 5 ■/ ? Butt LT fffl L K < < , 
0. SjumiOfcff^i:, 

SEf^fft J: oTti^fc-r* i fc i>T"# l» . 
[00 58] &£iSJK£ 1 0 3 0°Ct LT, MfWXfc 
TMA ( MM^/kT^S-^A) , TMG, NH 3 , 
SiH^fflU, S i f'^/nlA 10.2GaO.8Ni 0 
ftSffilOn^SMWSWWIl 0 2^0. 5^m<?)Jl 
J¥T«^^^I> . ZCOm 1 « nMSMW«*)I 1 0 2 
{±3^ 'JTffltStoJf, Sl/^ffltS^jlfc LTffffl 



.Xhn-Aiy±, L<{±5 0 0 

^y^'X h n-Ajyji. 1 jlc mlilTT"lSS§^l> £ fc t 

[0059] SS&8 0 0°CtT(f\ S i H-TnlG 
aNi 9&&!il2 <7) n MMMWSfrif 1 0 3£0. 2 

Ml±. JtiMYmtLXimL, GaN, InGaNj 

A— 5j«m, $ttiftL<«i2 0 0^-y^bn-A 
- 1 u mff>9mT&gZit%> i fc **Hi 
[0060] ^t. JSS^tTMG. TM I . 7^ 

CCtfefttT. i-f/y^-n n0.2Ga0.8N i o 
&&#FJf ^ 2 5^y^"X bn-AOHJlT'J&g^Hi: 
4. JjcKTM I ^^JtS^S-frl-eo^-C^iaS 
T\ yy F-n nO.01GaO.95NJ; D^SPt^ilSr 5 
0 ^ y b n-A»If?'M S ^ 4 . £ «Sft & 2 

[006 1 ] ?SSSr 1 0 5 0°Ct±(f, TMG, 
TMA, NH 3 , C P 2Mg ( y ^ p^.y^>>'X-/P-V^' 

Jr-^SVK Mgb'-rplA 10.1Ga0.9Nj;0i 
S^l^pfflaflliHa^iEftJil 0 4Sr3 0 0^y^b 
D-A^«-cm^^4, £O^lc0pSS«^ 

»iio4(i, ^mmMTiipmtitztK wmm^ 

MfctTl>RV^\ L<lipgfc-t£. mi» 

p i o 4 comma o . 1 n mjar, $ 

^t^L<(±5 0 0^y^bo-AtJ[T, ftfc#a 
L<«3 0 0 5j-y^Xhn-Aj^TtPSt4<, 0. 1 
j«mj; 0 W HjgJf TJ«^§*5 fc , m 1 

A lfflfi^W^^A 1 GaNgf»<^ 
^4fcLD«^ii^jiL.^< ; S:l> 0 M^K', Yfi** 
0. 2jy±«A l,Ga!_i NT'&fLff 5 0 O^y^'Xb 
o-Aj^Ttl^rs £ fc Lt\ m 1 
«ftjf 1 0 4«HJ¥wTRS(i#tRS5EL^v^\ 1 0^- 
yfx hv-J*&±m]mTimt& - fc ^'Mii L^„ 

[0062] ^l^T 1 0 5 0°CT", ^b'^'/TX^ 

1 OpMMMWefftii 1 0 4 i 0 fc'hS 
t\ Mgh'-TpaGaNj:Di4S2«pSM{t;W 
#frjf 1 0 5 £ 0 . 2 pl mcr,W$- X'f&MZ-ttl . £«Jf 
(i, 3fc*'^ FMfcLT^fflL, »2WnMSMW«ft 
103fc|H|t<GaN, I nGaNt'^^-tirliifc^ 

ItLu. £«if{±S3(7)pM^'fLW»#;iii 
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0 6£m^-£&m^v7TmtLxumL. 10 

0ty^hO-A-5Mm, L<(i2 00 

[00 63] WtV^X 1 0 5 0°CX\ t*V h'^ 771^ 
;^-^'ffi2«SMW«#:il 1 0 5 «k 0 i>±%\\ M 
g K-TpiyA 1 0.2Ga0.8Ni; <0 5r & ffi 3 CO p MS-f t 
WifrJl 1 0 6 £ 0 . 5 mc![)JggDC^§-e-5 Z 
««!±lg 1 flnllfimi 1 0 2 t |5j t < . ^f-r 
UTfflta^S. Mftim&toSfcLTtfUHU Al 

±, 1 jumlilrFXS&R^^ Zt lzX<9 , jfoStttf)^ 
[00 64] #Hffi#J^i d K I n Ga N i D=5r§#F 

0. lu mliTRO A 1 Sr#tfH 1 ^pMM-ftWW*l 

1 0 4 ^cOpSS^WIWI J: 0 &*Sttl*> 

^siti^iigt, m i opsa-fw«*s=j; o t> >u 

m 1 0 5 SKft, *tf>£ 2 «0 p SOtt^agftJI 1 0 5 
J: 0 fcfiSttJB^^IEfutflaitc, S2« P aa«¥« 

J: o * & $ 3 ^ p mmm^mm 1 o 6 eatti. 
; t ii^fst*? a u \ Lipi> z com 1 «o p sa-ft 

gfrjf 1 0 4CDmm*0. ljumjaTfc»<lft£LT* 

p«*^aASix^iETL^\ b y^/HKt J: OH 1 05 
p iiftWiMSI 0 ft tf& Z b WX't X , SttH 
?'^*i<Wgr£U LDsoEfJ^lSli-f-S. it*). 
SEASfifc** U 7li, ® 1 cOpIItWiftl 1 0 

i>. #YUr(4*§ttJBS^--A'-7n— mi«P 
MtW»ftJf 1 0 4*CR&±^SJt*, 'J 7# 

5 ^ t t^vmx\ n fimit ^ l d zmmti z 

[00 6 5] ftftt. S?3«pMtW#*JI 1 0 6 
«±t, lOSOrT'MgF-TpMGaNiD&Sp 

[00 66] EJECTS, i&mzm&txTifxi}^- 

^Z5LJ£M$5frL>M*)liiL, 7 0 OTTC^x-^tfOT- 

[0 0 6 7] T-->Jy^, RIEtit)fiJJ|«p 
m3y?7hM4t, ^3« P il«mil 0 6 
t^x-yf-y^LT, 2jumC0Xh7-'f7°ifil: : fr-f S U 



pMJI^x h r«« y >y y'ltt ?& z t iz i. 0 . 

^■oTHfi^ffiT-r^o ^LT. H3t^-fJ:otpM 
ny^^bJl4C0^ffitN i tAu J; D5:l>p€ffi2 1 
&xb5>fT4^ffM-f-|.o 4-fcp^52 HiV— »f'« 

TX'hhtz^m^wtmz-th'&mii^vK -u. n 

t A 1 i. D^rl> ntS20 &S€W»#:Jf&ffMLT 
v^lJco ni3 y ^ ^ M l cDjJtJ^ffltJ^fig-ri, o 
[ 0 0 6 8 ] 7i-A^b5-f T^tfOmffi 

h .:, imggliXUtfG a NXfo&CDXG a NtfO^fflttSr 
(1 100) 

J^eoffl ( Mi) tfflS-f §fflT'*£„ i^ffl, R I 
co H 5 x - y -fyf^mz X 0 Sffi^x . y f- y ^ LT* 

[0069] mmm. ^m^m^ s i o 2 1 t i o 2 i o 

7 x -X 7 fj y ( = P W&& t - b > ^ t *f 1*1 1 fett 

t Z h , LSI «««« 2 k A/cm2 T, 
4 0 0 nmtOji^ig^'SilgSiX^o 0 CGaN 

[0070] 

ikthZtftX^htzfo. ^*coi 3 fclMM!&>&2 
ffiSco^ffi&K 0 Eij L jtflBtfc L^r < T i , ±T#fa£ 
Slftj L^mft«m fc-f5ii:*^*6. S <o t f - -y 7^" 
-f Xi,/h§ <fi -SCOT". ffiaw7x-^A^«f- 

G a N tmWLTh liOT'LDWj; 3 ^ilffltJfiV ^Hffl 
&#gi-r£r^ XTIiGaNiOHmtJ; O^t* 

[W«ffi*^IM0fl] 

[01] *^BJ!(7)S l coffl&ffi&xmzmit&tiib 

[02] *5KH«®2»SS(?0#Xg&^-tS^* 

[03 ] jf%wrtmzk *)%&ixizv-v*Ffwm 
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